spective, disease management programs have been developed and found to be effective in improving outcomes [6] [7] [8] . However, important questions are still open, including the most appropriate patient selection process, the optimal follow-up intensity and duration and, finally, whether such interventions are cost-effective in different subgroups [9, 10] .
Cognitive impairment frequently complicates heart failure with deficits being most prominent in the domains of executive function, memory, attention, language, and mental speed and is associated with disability, morbidity and mortality [11] [12] [13] . Even mild forms of cognitive impairment may seriously interfere with HF management and self-care through impaired quality of life, decision-making and ability to adhere to complex medication and dietary regimens [14] . In order to improve outcomes in these patients, an approach to enhance adherence to care plan and specific behaviours should be considered. Previous studies reported that nurse-lead home-based multidisciplinary program (MP) may not improve the prognosis of this high-risk group [15] . In this sub-analysis of a previously published randomized study comparing MP and usual care (UC) [15] , we investigated: 1) the influence of cognitive impairment on outcome of older HF patient and, 2) if a MP represents an appropriate model of care in these patients.
Methods
Study design: The study was conducted at two hospital HF clinics and primary care facilities. We evaluated consecutive HF patients aged 70 years or more, both males and females, with reduced and normal left ventricular Ejection Fraction and discharged home after a hospitalization due to New York Heart Association (NYHA) functional class III/IV HF, requiring intravenous diuretic and/or inotropes or vasodilators therapy [16] . The diagnosis was determined according to the European Society of Cardiology guidelines [17] . Patients were excluded if they had: 1) valvular heart disease requiring planned surgery, 2) active substance abuse, severe gait impairment, severe dementia and/or MMSE<11 or psychiatric disease, 3) coexisting non-cardiac illness likely to reduce life expectancy, 4) need for long-term intravenous inotrope therapy, 5) unwillingness to provide informed consent, and 6) living in a nursing home or outside the area served by the clinical sites. The protocol is consistent with the Principles of the Declaration of Helsinki and all participants gave their informed consent. No Institutional Review Board approval for this type of study (a non pharmacological trial) was required for at the time of study in our Institution. Details on randomisation and blinding procedures and on the MP intervention have been previously reported [16] (Figure 1 ). The MP combined outpatient hospital-based and primary care. In each of the two participating teams, the members were a cardiologist, specialized nurses and primary care physicians. The components of the MP were: discharge planning, patient and caregiver education, therapy optimization, improved communication and early attention to signs and symptoms. Intensive follow-up was based on scheduled and unplanned hospital visits, nurse's phone call and office and home primary care physician visits. Patients assigned to UC received all treatments and services ordered by their primary care physician and/or cardiologist or internist. The follow-up was based on phone calls (to the patient and/or family members or primary care physician) after one, three months from hospital discharge, and thereafter every six months.
Clinical evaluation and definitions. Initial assessment included history, physical examination, NYHA class, 12-lead electrocardiogram, Dopplerechocardiography and a multidimensional assessment performed using previously validated instruments that explored the following areas: 1) Socioeconomic: years of education, marital status, living arrangement and financial income; 2) ability to perform basic (BADL) and instrumental (IADL) activities of daily living, using two modified 7-item scales [18, 19] ; 3) cognitive function, measured with Folstein's Mini Mental State Examination (MMSE) (with items measuring orientation, registration, attention and calculation, recall, language and visual spatial ability), [20] ; 4) depressive symptoms, measured with the 15-item Geriatric Depression Scale (GDS) [21] ; 5) Charlson Comorbidity index [22] . Cognitive impairment was defined by a Mini Mental State Examination score less or equal than 24. Physical disability was defined as need of assistance in performing at least one basic or two instrumental Activities of Daily Living.
Outcome measures.
Planned outcome variables were all-cause deaths, all-cause and HF-related admissions the composite of death from any cause and/or hospital admissions for HF and total costs of care. All patients were followed for two years and clinical status, medications, number of primary care and specialist visits and events were recorded at each visit or phone call. Events were collected also using phone calls, discharge reports, hospital and administrative databases, death certificates and were blindly evaluated by a central endpoint committee composed of three cardiologists, who had no knowledge of the randomization group assignment. All questionnaires were analyzed by researchers blinded to intervention group assignment.
Estimation of costs.
In this study the National Health System (NHS) perspective was adopted, as in Italy it provides all health care services for patients affected by moderate-to-severe HF. Data on resource utilization of MP compared to UC have been previously published [16] . Costs were collected prospectively and only comprised direct costs (pre-discharge education and assessment, medications, hospital and home visits, echocardiography and hospitalizations) calculated on the basis of NHS charges at the time of the study and stratified according to the presence or absence of cognitive impairment.
Statistical analysis.
Groups were compared by the t test for normally distributed continuous variables and expressed as means ± standard deviations (SDs), the chi square test and Fisher exact test for categorical variables (expressed as counts and percentages). Logistic regression analysis was performed in order to identify factors potentially related to cognitive impairment (MMSE score <24) with calculation of adjusted odds ratios (OR) and 95% confidence intervals (CIs). Outcome analysis was conducted according to an intention-to-treat approach. Multivariable Cox proportional-hazards models with adjustment for potentially confounding variables were used to estimate the risk of outcomes. Differences in treatment effects according to cognitive groups were evaluated by tests of interaction and the statistical significance was determined by a Wald chi-square test for interaction. Four Kaplan-Meier stratified survival curves were then generated to compare -using Mantel-Cox log rank test -the event-free survival of patients with and without cognitive impairment in the usual care group and MP group. Data for all event-free patients were censored on study day 730. A p value less than 0.05 was considered significant. Analyses were performed using SPSS for Windows 13.01 (SPSS Inc. USA).
Results
During a two-year period, 173 patients (mean age 77+5, range 70-94; males 52%) from a consecutive cohort of 236 (78% inclusion rate), were randomized to MP (n=86) or UC (n=87) ( Figure 1 ). Mean left ventricular ejection fraction (LVEF) was 33.4±10,7 and mean NYHA class was 2.7±0.6 (60,7% NYHA 3-4). Previous MI was present in 92 (53,2%) patients. All patients were treated with optimized evidence-based therapy (Betablockers 53,8%, ACE-inhibitors or Angiotensin Receptor Blockers 91,9%, Spironolactone 35.1%).
Clinical correlates of Cognitive impairment.
Cognitive impairment was present in 72 patients (41.6%; 42,5% of usual care patients, 40.7% of MP patients p=ns). Table 1 shows the baseline characteristics of patients according to cognitive function. At multivariate logistic regression analysis the variables independently associated to CI were: age older than 80 years, education level <5 years, anemia and severe renal dysfunction. (Table 2) . No association was found with blood pressure, LVEF or history of atrial fibrillation, hypertension and diabetes.
Outcomes. At two-year follow-up there were 59 deaths, 96 deaths and/or HF admissions, 113 allcause admissions and 77 HF admissions. As a whole, MP intervention resulted in a significant reduction in deaths and/or HF admissions, and HF admissions [16] .
When the entire cohort was analysed, cognitive impairment was independently associated to higher incidence of events ( [1, 353] ) but not to all-cause admissions. The assignment of patients with cognitive impairment to MP was associated to a significant reduction in HF admissions vs usual care (0,503[0,253-0,999] (all interaction tests p=ns). Figure 2 shows the eventfree survival curves for the two treatment groups stratified according to cognitive status and compared by means of Log-rank Mantel-Cox tests. In both treatment groups, those with cognitive impairment appeared to have a worse prognosis, the risk of death and death/HF admission in MP patients being similar to those in usual care. By contrast, for HF admissions, a significant effect of both cognitive function and group assignment was observed, suggesting that the intervention is of benefit also in cognitively impaired patients. The risk of being admitted for HF was similar in patients with cognitive impairment enrolled in the MP and in cognitively intact patients in usual care. For all-cause admissions only a significant effect of group assignment was observed, with cognitively intact patients assigned to MP reporting a significant improvement (Figure 2 ). Estimation of direct costs. The mean two-year costs of care were similar in patients with and without cognitive impairment (4233,04+3397,00 vs 4744, 92+3380,00; p=ns) ( Table 1 ). The total cost in the MP group was € 4538,97+3629,64 in patients with cognitive impairment and € 3740,72+3213,92 in patients without (p=ns). The total cost of care in usual care group was € 4939,78+3163,69 in patients with cognitive impairment and 4836,21+3342,73 in patients without (p= ns). 
Discussion
Available evidence [6] [7] [8] suggests that HF MPs are a consistent way to provide appropriate, more comprehensive and cost-effective care. In older HF patients many re-admissions can be often attributed to co-morbidities, behavioural and social factors rather than to deteriorating cardiac function or an incident cardiac event. Older patients are also less likely to receive recommended therapies, in part because clinical trials of HF therapy have ignored outcomes of importance to this population, including comorbidities and impaired cognitive function [2, 4, 5] . Cognitive impairment represents a risk factor for low adherence to treatments, disability, hospitalization and death. Nevertheless, it has been rarely assessed in previous studies on HF [11] [12] [13] [14] , and it is still not well established if reported models of intervention are effective in these patients [6] [7] [8] 23] .
The results of this perspective study confirm that cognitive impairment is a prevalent condition associated to a worse prognosis, and suggest that a hospital-based, integrated MP may improve outcomes in these patients through reduction in HF hospital admission.
Cognitive impairment is significantly and independently associated to a higher risk of adverse outcomes also in patients in optimised therapy followed by specialists, suggesting that attention for this noncardiovascular comorbidity seems to be essential for optimizing treatment and improve prognosis. It is of note that cognitive impairment, as well as other variables such disability or frailty are seldom included in statistical models and patient predictors of readmission for HF [24] .
Previous published trials on MPs rarely examined the relative effectiveness of the intervention among cognitively impaired patients. In HF patients, cognitive impairment contributes with social and behavioral problems in making difficult to engage in self-care, in decreasing compliance to careplan and prescribed therapy in a safe and effective manner and, consequently, increasing hospital admissions [14] . Moser et al. pointed out the role of cognition in their conceptual framework of factors affecting decision making and subsequent self-care in patients with HF [25] . Cognitive impairment may contribute to failed self-care in two ways: through deficits in memory and attention that may impair treatment adherence, because of forgetfulness and poor learning ability, and through problems in executive functions, information processing and decision making in complex situations, such as early recognition and interpretation of symptoms and seeking care [26] .
McLennan et al, reported that a nurse-lead home-based multidisciplinary program may not improve the prognosis of patients with mild cognitive impairment. We observed similar findings with regards to all-cause mortality, but not HF readmissions or the combined end-point. However the model of intervention and the follow-up duration were significantly different than that used in the present study [15] . Our findings clearly demonstrate that enrolment in a MP is associated with a clinically important and sustained decline in HF hospital admissions over a 2-year intervention period in comparison to usual care, also in patients with mild-to-moderate cognitive impairment. The risk of being admitted for HF was similar in patients with CI enrolled in the MP and in cognitively intact patients in usual care ( Figure 2 ). Moreover, economic analysis suggests that MP does not increase direct costs of care also in patients with mild-to-moderate CI.
A possible reason for the favourable effect of a MP on HF admissions is that cognitively impaired patients may need intensive education program and follow-up through office or home visits or telephone contacts to prevent adherence issues, a major cause of re-hospitalization. Written and given verbally care instructions and medication or dietary changes are necessary because of patient difficulties with information requiring attention, learning, and memory functions. Our MP provided clinical monitoring and a structured and continuing education to the patient and their caregiver according to guidelines [17, 27] .
Thus, a rapid assessment of cognitive function, particularly in patients of advanced age, with poor social status, anemia or renal dysfunction, may lead to a more intensive follow-up and tailored education in order to reduce the risk of non adherence, reduced self-care and re-hospitalisation.
Limitations.
The strengths of the present study are the accuracy of clinical and instrumental evaluation, the clinical and hemodynamical stability at the time of assessment, the optimisation of evidence-based treatments and the completeness and duration of follow-up. However, it deserves several limitations.
First, this study excluded those patients with severe cognitive impairment in which disability, lowcompliance and incidence of events in the final stages of the syndrome are extremely high, more likely to follow-up with intensive, home-based programs [6-8, 22, 23] . Thus, it is likely that not all community-dwelling older patients will benefit from such a model of intervention.
Second, cognitive function, disability and quality of life are complex and time consuming to measure. In our study cognitive evaluation was performed using a limited number of tests instead of an extensive and more accurate but also time-consuming battery. Moreover, the MMSE has poor sensitivity and specificity versus memory dysfunction, and in the detection of very mild forms of cognitive impairment [13, 28] . Thus, a screening instrument for easy use in clinical practice more sensitive than MMSE needs to be identified. However, the tests included in the present study were selected from those available on the basis of recognised reliability [11] as well as usability in a realworld ambulatory setting, where time and personnel resources are of importance. In this view, this study suggest that also a short minimal data set is useful and applicable for screening purposes in a HF clinic.
In conclusion, in spite of optimized therapy and specialist care, CI is very common and associated to worse prognosis in HF and hospital-based, integrated MP appears to be equally effective in mildto-moderately cognitively impaired patients through reduction in HF hospital admission.
These results -if confirmed -may have clear implications in clinical practice and can be a useful contribution for an optimal allocation of healthcare resources [27] . A multidisciplinary approach is necessary to deal with the complexity of this clinical syndrome and aassessment of cognitive function, even by the simple screening tests used in this study, should be part of the baseline evaluation [29, 30] .
